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Original article
A b s t r a c t
Cerebral cortical development can be divided into three steps: cellular proliferation, neuronal migration and organization.
Based on known pathologic, genetic and neuroimaging features a classification for malformations of cortical
development was proposed by Barkovich in 2001, and updated in 2005. Malformations of cerebral cortex development
(MCCD) often demonstrate epileptic seizures and delay in psychomotor development. About 20–40% of children with
epilepsy are drug-resistant and there is a large paediatric population requiring epilepsy surgery operations. In our work
we performed clinical analysis of 68 children with MCCD treated in our hospital between 2000 and 2006. In our work to
consider the type of MCCD we used the updated classification scheme proposed by Barkovich et al. We analyzed
epilepsy, gestational and perinatal history, initial symptoms, time to establishing full diagnosis and
neurodevelopmental/IQ status. In our results we found that despite similar clinical manifestation neuropathological
basis could be significantly different, and vice versa: children with nearly identical neuropathological findings could have
completely different neurological and radiological symptoms. Children with drug-resistant epilepsy are potential
candidates for neurosurgical treatment; especially lesionectomies in such cases could be very promising in terms of
epilepsy management and quality of life as well.
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Introduction
Cerebral cortical development is a complex process,
which can be divided into three broad and overlapping
embryological steps: cellular proliferation in the
germinal zones, neuronal migration of cells to the
developing cerebral cortex and vertical and horizontal
organization of cells within the cortex with the
establishment of axonal and dendritic ramifications.
Based on these fundamental stages of cortical
formation, a classification for malformations of cortical
mantel was proposed [4,5]. The classification was
made based on known pathologic, genetic and
neuroimaging features, giving a framework for known
and unknown malformations, which could be added to
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the subscales of the classification as knowledge
advanced. The classification is weighted toward
imaging data as it is available for all diagnosed
patients. The neuroimaging component allows the
scheme to be applied also to patients without brain
biopsy as in classification based on histopathological
examinations. It is worth emphasizing that the three
major steps of cortical development are not temporally
separated. The proliferation continues after the
beginning of migration and migration continues as
organization begins. It is impossible to differentiate
abnormal brain size secondary to changes in
proliferation from that secondary to abnormal
apoptosis or a combination of both. A significant
change, since the prior classification, is the elimination
of the subdivision of the three major categories into
(A) diffuse malformations and (B) focal/multifocal
malformations. Diffuse and localized brain
malformation may result from the same underlying
processes with differences in phenotype. 
Malformations of cerebral cortex development
(MCCD) are often associated with severe epilepsy,
with onset during childhood, and developmental delay
[1,7,12]. However, prevalence and severity of epilepsy is
variable in different malformations [11]. About 20–40%
of children with drug-resistant epilepsy harbour 
a cortical malformation, and up to 50% of paediatric
epilepsy surgery operations are carried out in children
with an MCCD [10,12]. Moreover, children with MCCD
are one of the largest paediatric populations in which
epilepsy surgery operations are needed. Satisfactory
effects are seen in cases of focal cortical dysplasia
(FCD), where in up to 90% of patients the lesio-
nectomy is followed by remission [9,10].
In this paper we perform a clinical analysis of 68
children diagnosed with MCCD treated in our hospital,
considering type of MCCD, presence of epilepsy and its
characteristics, gestational and perinatal history, initial
symptoms and time to establishing full diagnosis. We
also analyze neurodevelopmental/IQ status. For better
illustration of the clinical problem we present two
children with drug-resistant epilepsy caused by MCCD,
treated with neurosurgical lesionectomy. For these
cases accurate histopathological examinations and
neuroradiological studies are presented. 
Material and methods
Between 2000 and 2006 in the Department of
Developmental Neurology and Department of
Paediatric Neurosrugery of Silesian Medical
University in Katowice 68 children were treated
because of malformation of cortical development. In
our work we used the updated classification scheme
proposed by Barkovich et al. [4,5]. In this
classification malformations of cortical development
are based also on the step at which the development
was disturbed. It consists of four major groups: I –
malformations due to abnormal neuronal and glial
proliferation or apoptosis, II – malformations due to
abnormal neuronal migration, III – malformations
due to abnormal cortical organization (including late
neuronal migration), IV – malformations of cortical
development not otherwise classified. The following
malformations based on the updated Classification
Scheme [4,5] were recognized:
• IC1(?) – abnormal proliferation – non-neoplastic –
without histopathological confirmation
• IC1a – abnormal proliferation – non-neoplastic
– cortical hamartomas of tuberous sclerosis
• IIC1 – abnormal cell migration – subependymal
(periventricular) heterotopia
• IIC2 – abnormal cell migration – subcortical hetero-
topia
• IIA – lissencephaly/subcortical band heterotopia
spectrum
• IIIA1 – abnormal cortical organization – bilateral
polymicrogyria syndrome
• IIIA2 – abnormal cortical organization – shizencephaly 
• IIIA3 – abnormal cortical organization – polymicrogyria
with other brain malformations
• IIIA4 – abnormal cortical organization – polymicro-
gyria as part of multiple congenital anomaly
• IVB2 – malformations of cortical development not
otherwise classified 
Full characteristics of the studied group are
presented in Table I.
Results
The most frequent reasons for admission to
hospital were epilepsy, which appears in 37 children,
and neurodevelopmental delay in 24 cases. Nearly
half of studied patients have abnormal gestational
or perinatal history (Table II). 
Drug resistance of epilepsy was found mainly in
IC1a type. In this group of patients infantile spasms
were observed in 85% of children. The largest groups
of children were: those with type II malformation –
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Type of Number Age of seizure Age of MCCD IQ (median) Gender
malformation of cases onset (months) diagnosis (months)
F M
IC1(?) 2 18 (18–18) 39 (18–60) 90 (80–100) 1 1
IC1a 9 19 (19–19) 22 (6–50) 63 (10–105) 6 3
IIC1 6 10 (1–36) 18 (1–36) 61 (36–98) 3 3
IIC2 5 60 (4–166) 82 (20–172) 48 (12–100) 1 4
IIA 13 10 (1–36) 50 (6–192) 55 (10–103) 6 7
IIIA1 1 – 78 (78–78) 47 (47–47) 1 0
IIIA2 10 35 (1–124) 72 (1–165) 69 (16–90) 6 4
IIIA3 11 25 (1–132) 65 (4–144) 57 (11–109) 1 10
IIIA4 2 1 (1–1) 70 (9–131) 34 (18–50) 0 2
IVB2 9 13 (1–84) 84 (1–146) 65 (29–98) 5 4
Table I. Characteristics of study group
Type of Gestational/Perinatal history Reason for hospitalization/Provisional diagnosis
malformation
abnormal normal epilepsy neurodev. other
delay
IC1(?) 1 1 2 0 0
IC1a 3 6 6 2 discolouration of the skin (1)
IIC1 4 2 3 3 0
IIC2 3 2 3 0 problems in school (1)
IIA 7 5 7 5 hemiparesis, dysmorphy (1)
IIIA1 1 0 0 1 0
IIIA2 2 4 8 1 hemiparesis
IIIA3 4 7 7 3 convergent squint (1)
IIIA4 1 1 0 2 0
IVB2 5 4 1 7 behavioural disorders 
and headaches(1)
Table II. Division of group depending on gestational history and major reason for hospitalization/provisional
diagnosis
malformations due to abnormal neuronal migration
– 24 patients; and type III – abnormal cortical
organization – 22 patients. 
Analysis of IQ examinations revealed that the
group of children with polymicrogyria as part of
multiple congenital anomaly had the worse
outcome, with median 34. Also with poor IQ
outcome were children with bilateral polymicrogyria
syndrome (median 47) and with subcortical
heterotopia (median 48). The highest IQ was
observed in children with IC1(?); the median was 90.
The detailed data are shown in Table I. Data
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Type of Epilepsy Type of seizure (% in specific type of malformation) Refractory epilepsy
malformation
yes no generalized partial infantile yes no
spasms [%] [%]
IC1(?) 2 0 0 100 0 50 50
IC1a 7 2 0 14.3 85.7 71.4 28.6
IIC1 3 3 0 75 25 0 100
IIC2 3 2 0 100 0 0 100
IIA 10 3 37.5 0 62.5 33.3 66.7
IIIA1 1 0 100 0 0 0 100
IIIA2 9 1 66.7 33.3 0 22.2 77.8
IIIA3 9 2 71.4 14.3 14.3 42.9 57.1
IIIA4 1 1 0 0 100 0 100
IVB2 5 4 20 80 0 20 80
Table III. Characteristics of epilepsy depending on type of cortical malformation
considering presence of epilepsy, type of seizures
and their drug-resistance are presented in Table III.
Four children suffered from drug-resistant epilepsy
caused by focal cortical dysplasia. All of those
children underwent epilepsy surgery – lesionectomy.
In a short time after surgery we observed decreased
frequency of seizures and changes in seizure
morphology to less intense and shorter. The good
treatment results concerned not only neurological
status but also improvement of quality of life.
In statistical analysis we did not find any
significant correlations between type of MCCD and
specific clinical manifestation. In our group of
children we did not reveal significant correlation
between type of seizure and type of MCCD.
Moreover it seems that also type of MCCD does not
determine type of epilepsy or its drug resistance. 
To illustrate the clinical problem of MCCD we
present two children who suffered from refractory
epilepsy of MCCD origin successfully treated with
neurosurgical procedures.
Case 1.
B.G. 10-year-old boy.
The first epileptic fit (complex partial) occurred at
the age of 6 years. MRI examination revealed a small
proliferative lesion in the cortical layer of the right
temporal lobe which was hyperintense in SE/T2
sequence (Fig. 1A) and hypointense in SE/T1
sequence (Fig. 1B). In the sagittal plane we can see
malformation of the gyri formation (Fig. 1C). The
lesion was hyperintense after contrast enhancement
(Fig. 1D). EEG and SPECT findings confirmed the
origin of epilepsy in the right temporal lobe. Despite
many changes of AEDs seizures remained stable. His
IQ was slightly below normal range. The boy was
operated on. We performed a temporal craniotomy
and lesionectomy. Histopathological examination
revealed abnormal cortical layer pattern. In the histo-
pathological specimen balloon cells characteristic for
focal cortical dysplasia were present (Fig. 2). The
postoperative follow-up was without complications.
Control MRI examination revealed presence of 
a small amount of residual tumour. The boy was
reoperated on in order to remove the lesion totally. 
At present (two years after the reparation) he takes
only Tegretol and remains without seizures.
Case 2.
K.M. 7-year-old-girl 
From 8 months of life she presented epileptic fits,
at first simple partial right-sided and then with
complex partial seizures added. The child was treated
pharmacologically. Many times AED were changed.
Despite polypharmacotherapy the outcome was poor.
Before hospitalization there were a dozen seizures per
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twenty-four hours. MRI examination revealed a lesion
in the base of the left frontal lobe. In SE/PD (Fig. 3A)
and SE/T2 (Fig. 3B) sequences there were noticeable
abnormal formed cortical gyri in the base of left frontal
lobe. In SE/T1 sequence abnormal architecture of the
frontal lobe is visible (Fig. 3C). SPECT examination
revealed depletion of radioisotope uptake in basal
parts of the left frontal and temporal lobes. In EEG
pathological bioelectricity of brain cortex was
confirmed especially in the left fronto-temporal region.
Neuropsychological evaluation revealed developmen-
tal delay. The girl was operated on with diagnosis of
intractable epilepsy at the age of 4. Left frontal
lesionectomy was performed. In histopathological
examination we found signs of focal cortical dysplasia
(Fig. 4). Neuronal atypia with large dysplastic neurons
Fig. 1. MRI examination of the 10-year-old boy with intractable epilepsy; A) SE/T2 sequence, B) SE/T1
sequence, C) Sagittal SE/T1 scan, D) Contrast enhancement of the lesion
A B
C D
Fig. 2. Histopathological findings – abnormal
cortical layer pattern with characteristic balloon
cells. HE. Magn.x 400
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Fig. 3. MRI examination of the girl with intractable epilepsy. A) lesion in base of the left frontal lobe in
SE/PD sequence, B) lesion in base of the left frontal lobe in SE/T2 sequence, C) lesion in base of the left
frontal lobe in SE/T1 sequence
were present. Also present in the specimen were
polymorphic astrocytes. The postoperative follow-up
was without complications. In a short time after
surgery seizures significantly diminished in frequency
and improved their morphology. Control MRI revealed
proper postoperative status. At present the girl suffers
only one absence fit a day. There was significant
improvement in neurodevelopmental status.
Discussion
Focal cortical dysplasia (FCD) is a peculiar
developmental anomaly of the cortex, first identified
by Taylor in refractory epilepsy patients after
lobectomy [13]. Since those days several different
systems (sometimes confusing) have been used for
proper classification of malformations of cerebral
cortex development. The cortical malformations
previously grouped under the general term of neuronal
migration disorders are currently diversified to reflect
the improved knowledge of the pathological
substrate, the possible aetiological factors and the
relationship between altered structural features of the
malformation and type of epilepsy. Nevertheless,
despite many efforts it is still widely recognized that
the classification of these disorders is far from
satisfactory and there is no general consensus on
these complex structural abnormalities. Furthermore,
their aetiology is often uncertain and the mechanisms
by which they generate epilepsy are unclear [3,10].
Avoli et al. revealed that brain samples obtained during
surgery from focal cortical dysplastic tissue have an
intrinsic ability to generate ictal-like epileptiform
events when challenged with the convulsant drug 
4-aminopyridine [3]. On the other hand Andres et al.
proposed that severe cortical dysplasia associated
with epilepsy could be the consequence of excess
neurogenesis and postnatal retention of some
preplate neurons, and this process probably occurs in
late corticoneurogenesis [2]. Moreover, despite the
knowledge about classical histopathological findings
such as laminar cortical disruption, undifferentiated
cells, giant and/or dysmorphic neurons, and balloon
cells [12], outcome and natural history of the disease
are frequently very difficult to predict. Similarly,
neuroradiological findings, such as gyration anomalies,
focal thickenings of the cortex, abnormal signal
intensity in the cortex and in subcortical white matter
in MRI, do not give us proper and full information
about the clinical course of the disease [6,8]. In our
Fig. 4. Histopathological examination – neuronal
atypia with large dysplastic neurons and
polymorphic astrocytes. HE. Magn.x 400
A B C
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study group we did not reveal any significant
relationships between type of MCCD and type of
seizure morphology or clinical outcome. Four children
diagnosed with MCCD were operated on for
intractable epilepsy. All of them had focal cortical
dysplasia confirmed both in neuroradiological findings
as well as in histopathological examination. In all four
cases postoperative clinical outcome was promising.
The children have significantly fewer seizures and with
better morphology. Moreover, we also observed an
improvement in health-related quality of life [11].
Similar findings are confirmed in the literature [10]. It
seems that further prospective multicentre studies
including neuroradiological, histopathological, electro-
physiological and neurological examinations are
needed to better understanding this severe problem. 
Conclusions
1. The most frequent manifestations of malformation
of cortical and white matter development are
epilepsy and neurodevelopmental delay.
2. Despite similar clinical manifestation neuropatho-
logical basis could be significantly different, and vice
versa: many children with nearly identical
neuropathological findings could have completely
different neurological and radiological symptoms.
3. Children diagnosed with malformation of cortical
and white matter development who suffer from
drug-resistant epilepsy are potential candidates
for neurosurgical treatment. Clinical results of
lesionectomies in such cases could be very
promising in terms of epilepsy management and
quality of life as well.
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